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A COMPARISON OF THE S!I;VER T.JOSSES DUE 
TO CUPELL&TION USING DIFFEHENT 
KINUS OF CUPELS. 
By 





submitted to the faculty of the School 
of Mines and Metallurgy of the Univer-
sitp of Missouri in partial fulfillment 
of the work required for the 




H~J~HG - l 
~~~ 
In this Thesis my object has been to ascertain 
the silver losses in cupellation with dif~erent kinds of 
cupel material, thereby determining the effeciency of the 
materials in the four kinds of cupels used. 
When I began the work I thought the losses 
would be about equal in all cupels, but was surprised 
to find such a great difference. I refer the reader 
to the curves to see what really happened. 
The data ~or this Thesis was secured during 
June and July, 1911, and was written up during April 
and May, 1912. 
In conclusion I wish to express my apprecia-
tion for the suggestions and assistance of 
Mr. H. T. Mann and Prof. Durward Copeland. 
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Denver Fire Clay Company's bone-ash cupel. 
LIST OF CURVES. 
Bone Ash cupel. 
Morganite Cupel. 
Benr7 Heil Wrench bone ash cupel. 
Denver Fire Cla7 Company's bone ash 
cupel. 
The following cupels were used in securing 
data for this thesis:-
1. Bone ash Cupel. (Laboratory manufacture.) 
2. Morganite. (Patented.) 
3. Henry Heil French Bone Ash Cupel. 
(Patented.) 
4. Denver Fire Clay Company's Bone Ash 
Cupel. (Patented.) 
The Bone Ash Cupel manufactured in the labor-
atory was made with a Band Lever Cupel machine. 
1 AA1 Bone Ash from the American Agricultural 
Chemical C·ompany' s Michigan Carbon Works, was used. 
The Booe Ash cupels manufactured in the lab-
oratory were aged six weeks in a steam heated room. 
The charge for each cupel used was between 200 
and 201 milligrams of c. P. (by analysis) silver and 10 
grams or c. P. (by analysis) lead. 
All cupellations were made in the coal fired 
furnace, number 4 1 NN1 or the Assaying Laboratory of 
the Missouri School of Mines. 
-1-
The cupels were arranged in four rows 
across the muffle per cupellation. 
there was a cupel of each kind used. 
In each row 
The temperatures were all taken with a Le 
Chatelier pyrometer, consisting of a platinum-rhodium 
platinum couple, and a suspended needle type ot galvon-
ometer, standardized against boiling water tooo c., 
u 
the treezinc point ot molten lead 327 c., the freez-
ing point of molten aluminum 625u c., and the freez-
~ 
1n1 point of molten silver 962 c. The temperatures 
were taken at the top and botto• o~ each eupel 
alternately. 
-2-
General Motes on the Various Cupels. 
With the laboratory manuractured Bone Ash 
Cupel no trouble was round while cupelling, though 
at temperatures above 800u C the loss was consider-
able. The loss ot silver increased proportionally 
with the increase or the temperature. At ordinary 
cupellins temperatures between 700° and 7600 c the 
cupels reathered readily. 
cupels easily and clean. 
The beads broke rrom the 
The losses I obtained practically checked 
those ot Taggart and Karte. 
Concerning the Morganite Cupel, Bannister 
and Stanley say, in E. & M. J. Vol. 88, Page 1167: 
1. "The lead on the patent cupel appears 
to be at a much lower temperature, being compara-
tively dull during a considerable part or the operation.• 
2. •Patent cupels require a higher 
cupellation temperature that bone-ash cupels, and 
under similar conditions take a longer time to 
cool down.• 
3. •cupellation losses are always lower on 
&oo4 patent than on bone-ash cupels.• 
·-a-
D. M. Liddell says, in E. & M. J., Vol.89, 
page 25•: "The fact that the patent cupel seems to 
run and finish at a lower temperature than the bone-
ash cupel is no doubt the cause of the retention of 
impurities in the lead." In conclusion he says, 
the.f1 
•It seems~that the assayer who is running corrected 
assays with patent cupels must either beat his cupels 
vigorously towards the end of the assay or run the 
risk of reporting more silver present than actually 
exists.• 
Taggart and Karte say, in their thesis: 
"The cupellation had to be carried on at such higb 
temperatures that it was almost impossible to 
feather the cupels. This cupel gave the best re-
sults as far as silver l68ses were concerned.• 
In regard to silver losses, I round the 
best results were obtained with this cupel. It 
was almoat impossible to feather the cupel on 
accoUnt of the high temperature at which it was 
neoessarr to carry out the cupellation. The lead 
at the lowest possible temperature 760°C, had a 
bronze appearance. At the hi&her temperatures this 
bronze color changed, but was still dull. From this 
ract we are lead to believe that the temperature of 
the lead in this cupel was always somewhat higher than 
the lead in the other cupela. 
When the cupellation· was carried out at the 
u lowest possible temperature, 760 c, I round on weigh-
ing the beads. a gain due to the retention of lead in 
the silver. Further, I round when there was no loss 
at 760°C, and even up to a loss of o.os or a milli-
gram at 780°C, that the silver beads gave a distinct 
test tor lead. The best results were obtained 
when the oupel was run vigorously throughout the 
operation. 
Then in view of these facts, we can recom-
mend the Morganite cupel if the cupellation be carried 
u 0 
out between 780 C and 890 c. The beads broke from 
the cupels ·Y.ery easily and clean. 
The HenrJ Be~l rrench Bone Ash Cupel 
proved to be verJ good in regard to silver losses. 
At moderate temperatures, between 700°C and 800°C, 
the losses were erratic, but as the temperature in-
creased th~ J_ossea became regular. 
On heating this cupel be~ore eupellation 
a black ring would ~orm near the bottom and gradu-
ally dissapear at the top, due doubtless to organic 
matter used in the binder. 
This cupel feathered very easily. The 
beads broke ~rom the eupels easily and clean. 
The results obtained in ·the procedure or 
this cupel practically cheek those of Taggart and 
Karte. 
The Denver Fire Clay Company's Bone Ash 
Cupel proved to be Tery poor. They all, with few 
exceptiona, spit during cupellation. They f'eather-
od very easily. The losses were regular only above 
., 
the temperature or 780 c. The beads were nearly 
always dirty when they broke from the cupels. 
The results obtained on this cupel prac-
tically check those of Taggart and Karte. 
The time ot eaob eupellation was taken, (in minutes) 
but I round this made no diff'erence in regard to the 
silver losses. 
·-6-
The tables contain the results of 130 
cupellations for each type of .cupel used and 
show:-
The time. 
The aTerage temperature at the top of 
tbe oupel. 
The ayerage temperature at the bottom 
of the oupel. 
The aTerage temperature .r the cupell-
ation. 
The weight ot silTer before cupellation. 
The weight of a11Ter atter oupellation. 
The loss of silTer in cupellation. 
The percentage loss of silTer in cupell-
ation. 
M 0 R G .l K I T E • 
Temperature. 
Wt.before Wt. Atter Aver. % Loss. 
~tme. Top. Bottom. Aver. Cupellation, Cupellation. Loss. 
25 760, 760 
' 
760 200.94 200,94 o.oo o.oo 
I 
"25 760 1760 760 200.58 200.58 o.oo . o.oo 
17651763 25 764 200.31 200,31 o.oo o.oo 
I 
25 , 756 j 763 764 200.22 200.21 0.01 o.oo 
r I 
25 
'768 ~ f66 767 200.24 200.24 o.oo o.oo 
I 
24 I 768 
' 766 767 200.08 200.07 o.o1 o.oo 
25 772 ' 770 . l''771 201.00 200.98 0.02 0,01 
' I 
23 . 772 : 770 771 200,00 199,98 0.02 0,01 
24 772 770 771 200.26 200.24 0.02 0,01 
j 
24 ; 778 ? 776 777 200.18 200.54 0.12 o.ors 
22 778 776 777 200.10 199.97 0.13 0.06 
22 780 780 780 200.21 200.05 0.16 0,07 
23 780 1 780 780 200.37 200.20 0.17 0.08 
' 23 798 r794 796 200.58 200.30 0.28 0.1 
v i 22 798 · 79. 796 200.00 199.82 0,18 0,1 
23 800 800 800 200.30 200.05 0.25 0.1 
22 812 800 i' 800 200.03 199.73 o.ao 0,15 
22 i 200.50 0.32 0,15 V812 · 800 . 806 200,82 
i 
21 '1812 ;< 808 810 200.00 199.89 0.31 0.15 
~ i 
21 f820. 818 
[ . . ,· . . r 200.0.1 199.82 0,39 0.2 . ., . 818 . 
-~ ~ t · ·~ lf)o.47 o.o&1 0.2 f820 . 818, &M.dlliloi '"'' : 
.: I . 
ll~ ' SIO A~ ... ;~ 
-
., .. :.,. 9 •• 2 0,2 ~: Ill . - ' " , .. • c •. • ~ . ,,I!ll ,.,. ·, • 
Temperature. 
Wt. Before lft. Af"tJer 
Time. Top. Bottom. Aver. Cupellation. cupellation. Ag.Loss. ~Loss. 
fs2o 1820 21 820 200.26 199.86 0.40 0.2 
I 
!saa 21 1836 sao 200.31 199.73 o.es 0.3 
. ' l 
' 
21 :832 1 1 
' 
832 · 832 200.17 199.49 0.62 0.3 
~ 
20 ' 842 838 : 840 200.13 199.42 0.71 0.315 
20 842 838 ' 840 200.23 199.50 0.71 0.35 
20 ' 842 838 848 200.18 199.37 o.s1 0.4 
20 842 848 ; 848 200.73 199.91 0.82 0.4 
19 ~ 848 848 848 200.37 199."7 o.so o •• 
19 854 850 85$ 200.46 199.55 0.91 0.45 
19 854 850 852 200.31 199.41 o.9o 0.45 
18 862 854 858 200.2 199.22 0.98 o.5 
18 862 854 · 858 200.06 199.01 1.00 o.s 
19 860 860 860 200.33 199.3 1.03 8.5 
18 864 860 862 200.08 198.;o 1.18 0.6 
18 864 860 862 200.66 198•'·44 1.22 0.6 
17 ' 870 864 866 200.31 199.10 1.21 0.6 
17 870 864 : 866 200.03 198.83 1.20 0.6 
17 870 870 870 200ll0 . 198.80 1.30 0.65 
17 870 870 870 200.60 198.29 1.31 0.65 
16 874 870 872 200.21 198.85 1.36 0.7 
17 874 870 872 200.58 199.18 1.40 0.7 





Temperature. Wt. Defore Wt. After 
Til)le. Top. Bottom. Aver. Cupellation. Cupellation. Ag. Loss. tfo TJOSt 
16 880 878 '878 200.36 198.86 1.5 l 0.7~ ·~ 16 880 878 878 200.58 t' 199.08 1.5 0.75 ~ ~ 880 I 16 880 8SO 200.28 t 198.65 1.63 0.8 
• ! 
15 880 880 l 880 200.34 f 198.73 1.61 0.8 i l 15 888 880 . ! 884 ,1 200.73 199.13 1.6 0.8 ·r 
J 884 200.12 198.49 15 888 880 • 1.63 0.8 
• l . . • 
890 J 200.82 v { 15 890 890 l 198.03 1.79 0.9 l l , • 14 890 890 890 f 200.26 I 198.42 1.84 0.9 l 14 898 890 894 200.44 198.51 1.93 0.95 14 898 890 894 200.43 ; 198.49 1.94 0.95 
' \ 
I 
14 898 891 896 I 200.76 198.72 2.04 1.0 




14 896 896 900 l 200.82 198.51 2.25 1.1 
13 90 902 902 I 200.10 198.81 2.29 I 1.1 902 200.13 197.86 2.27 1.1 13 90 902 
13 902 902 902 200.10 197.78 2.32 1.15 
I 
• 13 904.; 900 902 200.30 197.99 2.31 1.1~ 
14 90~ 900 902 200.47 198.17 r 2.30 1.15 
. 19o6 200.64 198.26 t 2.38 1.2 14 I 912; 900 • I ~ 200.14 197.63 2.41 1.2 13 91~ 900 '906 
.1J 13 I 900 906 200.12 197.68 2.44 1.2 ' ~~ i I .l 908 '· 200.02 I 197.48 2eM 1.3 13 91i 904: A I f ,. 13 91 9M 908 I 200.48 19'7eN 2.62. 1.a i 
....... 
Temperature. 
Time. Top. Bottom. Aver. 
' 912 f 12 904 908 
12 912 : 904 908 
' 12 918 ~ 910 914 
12 
j 9l4 918 910 
12 918 . 910 914 
12 918 910 914 
11 920 t 916 918 ; 
12 920 916 918 . 
11 922 922 922! 
11 922 922 922 t 
' 
11 924 920 922 I 
11 924 920 922 
11 930 ;22 926 
11 930 922 926 
11 930 . 922 926 
11 930 922 ~26 
10 932 932 932 
11 932 932 932 
10 934 930 932 
10 934 930 932 
10 940 930 93G 
10 940 930 935 
10 940 ° 930 93G 
10 940 'I 930 935 
' 




















































































Temperature. Wt. Bet'ore Wt. Arter 
Time. Top. Bottom. Aver. Cupellation. cupellation. Ag. Loss. 'f Loss. 
10 942 938 940 200.47 196.68 l 3.81 1 1.9 
9 1/2 942 938 940 200.88 197.03 3.85 1.9 
9 1/2 942 938 940 ' 200.12 196.28 3.&& 1.9 
10 942 944 944 200.06 196.00 4.06 2.0 
9 1/2 944 944 944 200.53 196.50 4.03 2.0 
9 1/2 94& 944 944 200.22 196.29 3.93 2.0 
9 948 ' 940 944 200.30 196.20 4.10 '2.0 
9 . 947 947 947 200.39 ' 196.22 4.17 2.1 
9 947 947 . 947 200.72 198.50 4.22 2.1 
9 950 946 947 200.00 195.76 4.24 2.1 
9 950 946 947 200.52 196.09 4.23 2.1 
9 950 950 950 200.31 195.94 4.3'1 2.2 
9 950 950 9150 200.79 ' 196.42 4.37 2.2 
9 952 948 950 200.21 19l5.80 4.41 2.2 
9 952 948 9rJO 200.48 196.00 4.48 2.2 
9 958 . 91& 958 200.88 196.32 4.l56 2.3 
9 958 954 956 200.43 195.84 4.59 2.3 
8 1/2 958 954 956 200.55 19l5.96 4.59 2.3 
9 958 954 9156 201.00 196.40 4.60 2.3 
9 961 981 961 200.56 ' 195.80 4.76 2.4 
9 961 961 I 161 200.70 195.88 4.82 2.4 
8 1/2 961 1961 961 200.48 196.05 4.83 2.4 
• ~ 984 1/2 I 8 t 968 960 200.72 191.70 1.02 2.5 r 
8 1/2 i 888 f 980 19M t 29().38 191 •• 8 ' 5.10 2.1 1 ' 
·• ·y· 100.40 ·j •• .. ., .. · 1 .... 1. a.n . ~ • •• - ~ . 
••la 
Temperature. Wt. Before Wt. Arter 
Time. Top. Bottom. Aver. Cupellation. Cupellation. Ag. T.JOSS. f Loss. 
8 1/ 970 t 962 966 I 200.80 194.57 5.23 2.6 1 t 1/2 970 966 200.71 19fi.49 8 I 962 ~ 5.22 2. 6 .• 8 1/2 970 962 9.66 200.73 195.49 5.24 2.6 
l 
8 1/2l 972 968 970 200.62 194.19 5.43 2.7 
8 1/24 977 968 970 200.34 194.93 5.41 2.7 
8 1/2 976 976 976 200.04 194.40 5.64 2.8 
1/2 
~ 
8 976 976 976 200.09 194.33 5.66 ~.8 
8 ~ 976 976 976 
200.14 194.44 5.70 2.8 
8 1/2 '1 976 976 976 200.32 194.60 "'·72 2.8 
s I + 200.30 194.51 5.79 2.9 980 ~ 980 980 
I , 




8 1/2 : 980 980 980 t 200.73 194.72 6.01 3.0 I t { t 





t I ~ j 
~ ~ { ~ 
j I i • I ' l ~ I I 
DENVER FIRE CLAY COMPANY. 
Temperature. Wt. Bef'ore Wt. Arter 
Time. Top. Bottom. Aver. Cupellation. cupellation. Ag.Loas. ~Loss. 
23 70() 700 700 200.11 197.98 2.13 1.0 
23 700 700 700 200.00 198.00 2.00 1.0 
24 706 768 700 200.36 198.3-& 2.02 1.0 
23 702 788 700 200.14 198.07 2.07 1.0 
22 705 701 702 200.-&6 197.30 2.16 1.1 
24 705 701 702 200.80 198.!54 2.26 1.1 
22 703 703 703 200.12 197.84 2.4-8 1.2 
22 703 703 703 200.32 197.89 2.-&3 1.2 
22 708 704 706 200.57 198.00 2.!57 1.3 
24 708 704 706 200.86 198.2!5 2.61 1.3 
24 708 704 706 200.83 198.21 2.62 1.3 
21 710 708 709 200.92 198.18 2.74 1.4 
21 710 708 709 200.60 197.72 2.88 1 ... 
21 710 708 709 200.86 198.00 2.86 1.4 
21 711 711 711 200.38 197.40 2.98 1.5 
20 711 711 711 200.16 19'7 .16 3.oo 1.5 
21 711 711 711 200.38 197.32 3.06 1.5 
20 714 710 712 200.18 197.00 3.18 1.6 
21 714 710 712 200.92 196.72 3.20 1.6 
21 714 710 712 200.75 197.56 3.19 1.6 
20 718 714 716 200.-&5 196.97 3.38 1.7 
20 718 714 716 200.43 197.04 3.39 1.7 · 
20 722 718 720 200.56 196.99 3.!57 1.8 
20 722 718 720 200.82 197 .2-& 3.!58 1.8 
20 736 732 734 200.78 196.99 3.79 1.9 
20 736 732 734 200.87 197 .oo 3.87 1.9 
20 736 732 734 200.01 196.20 3.80 1.9 
20 744 740 742 200.42 196.42 4.00 2.0 
19 744 740 742 200.71 196.62 4-.09 2.0 
20 744 740 742 200.95 196.94 2.01 2.0 
19 747 739 742 200.10 196.07 4.03 2.0 
19 747 739 742 200.41 196.35 4.06 2.0 
20 747 739 742 200.82 196.80 4.02 2.0 
19 752 744 748 200.78 196.60 4.18 2.1 
20 752 744 748 200.99 196.78 4.21 2.1 
19 752 744 748 200.36 196.73 4.23 2.1 
19 756 740 748 200.12 195.92 4.20 2.1 
19 756 740 748 200.62 196.43 4.19 2.1 
19 756 740 748 200.71 196.47 4.24 2.1 
19 758 750 713 200.36 196.00 ... 36 2.2 
19 750 71SO 703 200.34 195.H ... 40 2.2 
19 71S8 71SO 71S3 200.34 195.90 
"·" 
2.2 
19 764 71SO 753 200.36 1915.91 
"·" 
2.2 
18 ,., .. !149 7M 200.17 191.78 4.41 2.2 
-.l~'' 
- -- -~
Temperature. Wt. Bef'ore Wt. Arter 
Time. Top. Bottom. Aver. Cupellation. Cupellation. Ag.Loss. fc. Loss. 
~8 759 747 753 200.21 195.78 4.43 2.2 
19 759 747 753 200.43 196.04 4.39 2.2 
18 760 762 756 200.12 19!5.53 4.59 2.3 
18 760 752 756 200.14 195.83 4.61 2.3 
18 758 754 756 200.34 195.71 4..62 2.3 
18 758 754 756 200.71 196.11 4.60 2.3 
18 1/.2 762 750 756 200.82 196.19 4.63 2.3 
18 1'/2 762 750 756 200.88 196.05 4.58 2.3 
18 762 750 756 200.10 195.46 4.64 2.3 
18 1/2 762 750 756 201.00 196.41 4.59 2.3 
17 760 752 756 200.12 195.51 4.61 2.3 
17 760 752 756 200.16 195.53 4.63 2.3 
18 764 750 756 200.01 196.31 4.60 2.3 
17 764 750 756 200.45 195.84 4.61 2.3 
17 1/2 760 756 758 200.72 195.91 4.81 2.4 
17 760 756 758 200.08 195.32 4.76 2.4 
17 1/.2 762 754 758 200.64 19!5.86 4.78 2.4 
17 1'/2 762 7M 758 200.83 195.94 4.89 2.4 
17 762 758 760 200.20 195.10 1.10 2.5 
17 762 758 760 200.78 195.70 5.08 2.5 
17 764 756 760 200.36 195.26 5.10 2.5 
17 764 756 760 200.43 195.42 5.01 2.5 
17 7M 756 760 200.10 195.07 5.03 2.5 
16 764 760 762 200.10 195.30 5.20 2.6 
16 764 760 762 200.56 195.36 5.20 2.6 
17 768 756 762 200.98 195.74 5.24 2.6 
16 768 756 762 200.10 194.87 5.23 2.6 
16 770 760 765 200.14 194.73 5.41 2.7 
16 1/2 770 760 765 200.81 194.42 5.39 2.7 
16 768 762 765 200.42 19&.00 5.42 2.7 
16 768 762 765 200.17 194.77 !5.40 2.7 
16 767 767 767 200.37 194.77 ~.60 2.8 
16 767 767 767 200.44 194.8& &.G9 2.8 
16 1/Z 772 762 767 200.71 194.09 5.62 2.8 
16 772 762 767 200.43 194.82 5.61 2.8 
16 775 765 770 200.40 194.66 &.74 2.9 
16 1/2 775 765 770 200.88 195.07 5.81 2.9 
16 770 770 770 200.43 194.60 5.83 2.9 
15 772 772 772 200.40 194.39 6.01 3.0 
16 772 722 772 200.98 195.00 &.98 3.0 
1G 772 767 772 200.12 194.18 &.98 3.0 
15 77'1 767 778 200.21 194.14 8.0'1' 3.0 
1& 778 772 774 . 200.48 194.18 8.30 3.1 
10 ; . .,.,8 7'12 
"" 
IOO.M 1M.oa e.a1 a.1 
11 'I'Tf ff8 we 100.41 lH.OI e.ae 1.2 
•••• 
Temperature. Wt. Before Wt. After 
Time. Top. Bottom. Aver. Cupellation. Cupellation. Ag.Loss. ~Loss. 
15 776 776 776 200,49 194,08 6,41 3.2 
15 785 77lS 780 200.61 194.02 6,59 3.3 
15 1/.2 785 775 780 200.46 194.92 G.54 3.3 
14 f/.2 780 780 780 200,96 194.34 6,62 3.3 
14 1/2 789 781 785 200.46 193,615 G,81 3,4 
14 1/2 789 781 785 200,63 193,81 6,82 3.4 
14 795 785 790 200,58 193.58 7.00 3.15 
14 795 785 790 200.71 193.69 7.02 3.15 
14 1/2 790 790 790 200,43 193.40 7.03 3,5 
14 800 792 796 201.00 193.83 7.17 3.6 
14 800 792 796 200.11 192.90 7.21 3,6 
14 798 798 798 200,96 193,66 7.30 3.6 
13 814 796 800 200.0lS 192.58 7.47 3.7 
13 1/2 814 796 800 200.86 193.08 7,48 3.7 
13 1/2 800 800 800 200.71 193,25 7.46 3.7 
13 806 802 804 200,37 194,77 !5.60 3.8 
13 806 802 804 200.44 194.86 5,59 3.8 
13 808 800 804 200,77 193,14 7.63 3,8 
13 808 800 804 200.13 192,62 7;11 3,8 
13 808 808 808 200.43 192.66 7.78 3.9 
13 808 808 808 200,61 192,80 7.81 3.9 
12 1/2 816 808 812 200.72 192.74 7.98 4.0 
12 1/2 820 810 815 200.40 192.20 8.20 4.1 
12 820 810 81lS 200.31 192.05 8.26 4.1 
12 818 812 815 200,13 191.91 8.22 4.1 
12 820 820 820 200.22 191.76 8,46 4.2 
12 820 820 820 200.46 1~2.10 8.36 4.2 
12 826 822 824 200.76 192.17 8.59 4.3 
12 836 822 824 200.31 191.70 8.61 4.3 
12 828 820 824 200.45 191.82 8,63 4,3 
11 1/2 827 827 827 200,67 191.94 8,83 4.4 
11 827 827 827 200.15 191.30 8,815 4.4 
11 840 830 83lS 200,38 191.20 9.18 4.6 
11 840 830 835 200.44 190,23 9.21 4.6 
11 1/2 837 837 837 200.94 191.50 9.44 4.7 
11 842 838 840 200.18 190.54 9,64 4,8 
10 842 842 842 200.42 190,72 9,70 4.8 
10 849 841 845 200.35 190.53 9,82 4,9 
10 1/2 854 842 848 200,89 100.78 10.11 5.0 
10 858 846 852 200.73 190,55 . 10.18 5.1 
10 858 846 852 200.41 190,21 10.21 15.1 
10 860 850 855 200.37 189.99 10.38 15,2 
9 860 860 860 200.34 189.53 10.81 15.4 
9 1/.2 861 860 862 200.81 189.91 10.90 !5,4 
$ .i/1 8M. 880 861 200,76 189.75 10.91 5.4 
• ... ',  . . 881 200.12 189.22 11.00 
5.5 
- :,, 
Temperature. Wt. nerore Wt. Af'tcr 
Time. Top. Bottom. Aver. Cupellation. Cupcllation. Ag. Loss. %Loss. 
0 872 864 868 200.48 189.22 11.26 5.6 
9 870 870 870 200.54 189.24 11.30 5.6 
9 875 871 873 200.32 188.78 11.54 5.7 
9 890 878 886 200.16 188.25 11.81 5.9 
8 1/2 893 893 890 200.43 188.23 12.20 6.1 
9 914 896 900 200.51 187.71 12.81 6.4 
8 1/2 912 900 906 200.43 187.03 13.40 6.7 
8 1/2 912 900 906 200.17 186.76 13.41 6.7 
8 1/2 912 900 906 200.64 187.21 11.43 6.7 
8 1/2 915 915 915 200.72 186.82 13.90 6.9 
8 915 915 915 200.25 186.24 14.01 7.0 
·8 922 918 920 200.31 186.28 14.03 7.1 
8 9H 920 928 200.21 186.14 14.07 7.1 
8 930 926 928 200.20 185.39 14.81 7.4 
8 936 928 932 201.00 185.79 15.21 7.6 
8 936 936 936 200.73 . 185.53 15.20 7.6 
8 936 936 936 200.34 185.11 13.23 7.6 
7 1/.2 952 948 950 200.18 184.16 16.02 8.0 
7 t'/2 952 948 950 200.17 184.12 16.05 8.0 
7 1/2 952 948 950 200.46 184.46 16.00 8.0 
8 960 960 960 200.51 183.91 16.60 8.3 
8 960 960 960 200.62 184.01 16.61 8.3 
7 1/2 970 966 968 200.36 183.35 17.01 8.5 
7 1/2 978 970 974 200.41 183.01 17.40 8.7 
7 f/2 980 980 980 200.32 182.28 18.04 9.0 
7 1/2 980 980 980 200.21 182.01 18.20 9.1 
liEN flY HEIL. 
Temperature. It. Be :fore Wt. Af'ter Time. Top. Bottom. Aver. Cupellation. Cupellation. Ag.Loss • ~ TJOSS. 
. 21 700 700 700 200.31 198.28 2.03 1.0 
25 700 700 700 '200.16 198.08 2.08 1.0 
26 705 703 704 200.76 198.14 2.62 1.3 
25 705 705 705 200.22 197.48 2.74 1.4 
25 712 704 708 200.56 197.66 2.90 1.4 
25 712 706 709 200.42 197.42 3.00 1.!5 
25 1/2 716 700 713 200.93 197.64 3.29 1.6, 
25 714 714 714 200.88 197.50 3.38 1.7 . 
24 714 714 714 200.18 196.70 3.48 1.7 
23 718 714 716 200.00 196.50 3.50 1.7 
24 718 714 716 200.36 196.86 3.50 1.7 
24 730 710 720 200.71 196.08 3.63 1.8 
24 726 718 722 200.34 196.56 3.78 1.9 
24 1/2 726 718 722 200.67 196.88 3.79 1.9 
24 724 720 722 200.61 196.76 3.85 1.9 
24 732 720 726 200.33 196.36 3.87 2.0 
24 732 720 726 200.49 196.50 3.99 2.0 
23 732 720 726 200.16 196.17 3.99 2.0 
24 726 726 726 200.76 196.75 4.01 2.0 
23 726 726 726 200.26 196.26 4.00 2.0 
24 730 726 728 200.86 196.62 4.24 2.1 
23 736 728 732 200.26 195 .92 4.37 2 .2 
ta 736 728 732 200.54 196.14 4.40 2.2 
23 735 735 735 200.27 195.78 4.49 2 .2 
23 742 731 738 200.44 195.90 4.54 2.3 
23 742 734 738 200.35 195.78 4.57 2.3 
23 742 734 738 200.72 195.08 4.64 2.3 
22 742 7 34 738 200.00 195 .37 4.63 2.3 
23 744 740 742 200.40 195.60 4.80 2.4 
22 744 740 742 200.10 195.24 4.86 2.4 
23 744 740 742 200.50 195.69 4.81 2.4 
23 750 740 745 200.78 195.84 4.94 2.5 
23 750 740 745 200.61 195.54 5.07 2.5 
22 752 752 752 200.08 194.88 5.20 2.6 
21 752 752 752 200.56 195.34 5.22 2.6 
21 762 762 762 200.22 194.98 5.24 2.6 
21 770 766 768 200.30 194 .92 5.38 2.7 
20 770 766 768 200.43 195.00 5.43 2.7 
20 774 774 774 200.44 195.00 5.44 2.7 
21 774 774 774 200.32 194.86 5.46 2.7 
21 790 886 788 200.73 195.20 5.53 2.8 
21 790 788 788 200.66 195.07 5.59 2.8 
20 790 SSG 788 200.06 194itfSO 5.56 2.8 
~0 ~' il -788 200.51 194.91 5e60 2.8 ~- .. ,. 1'80 2()0.80 195•10 5~70 2e8 ,:y• •.::·c,.•,• :8 !~; ~~~~~ •• ., 20ff • .f4 194 .~70 5.74 2.$ 
- -·'' ~ .... 
Temperature. Wt. Be .fore Wt. After 
Time. Top. Dot tom. Aver. cupellation. Cupellation. Ag. Loss. %Loss. 
~9 804 796 800 200.18 194.38 n.8o 2.9 
19 804 796 800 200.12 194.41 5.81 2.9 
20 804 796 800 200.73 194.93 n.8o 2.9 
19 806 7{)6 806 200.6& 194.64 6.oo 3.0 
19 806 806 806 200.08 194.08 6.00 3.0 
19 812 800 806 200.71 1{)4.61 6.10 3.0 
19 812 800 806 200.45 194.42 6.03 3.0 
19 810 810 810 200.16 193.95 6.21 3.1 
18 810 810 810 200.13 19:1.91 6.22 3.1 
19 820 810 815 200.84 194.34 6.50 3.2 
18 820 810 815 200.18 193.70 6.48 3.2 
18 820 810 815 200.52 194.00 6.52 3.2 
18 820 816 818 200.98 194.40 6.58 3.3 
17 820 816 818 200.38 193.74 6.64 3.3 
17 820 '816 818 .200.71 194.10 6.61 3.3 
17 828 824 826 200.60 193.82 6.78 3.4 
17 828 824 826 200.24 193.40 6.84 3.4 
17 828 824 826 200.22 193.36 6.86 3.4 
17 826 826 826 200.14 193.34 6.80 3.4 
17 826 826 826" 200.37 193.55 6.82 3.4 
17 832 828 830 200.18 193.08 7.10 3.5 
17 832 828 830 200.73 193.70 7.03 ~.!) 
16 832 828 830 200.41 193.41 7.00 3.5 
16 832 828 830 200.37 193.36 7.01 3.5 
16 832 828 830 200.21 193.U5 7.06 3.5 
16 1/2 840 832 836 200.63 193.42 7.21 3.6 
16 1/2 840 832 836 200.57 193.41 7.16 3.6 
16 840 832 836 200.34 193.17 7.22 3.6 
16 840 838 838 200.78 193.28 1;no 3.7 
16 840 836 838 200.14 192.62 7.51 3.7 
15 840 836 838 200.37 192.87 7.~0 3.7 
15 840 836 838 200.7o& 192.20 7.!54 3.7 
15 852 848 850 200.17 192.35 7.72 3.9 
15 852 848 850 200.48 192.66 7.82 1.9 
15 852 848 850 200.19 192.38 7.81 3.9 
15 852 848 850 200.81 193.01 7.80 3.9 
15 852 848 850 200.73 192.94 7.79 3.9 
14 858 854 856 200.40 11l2.74 7.86 4.0 
14 858 854 856 200.36 192.28 8.08 4.0 
15 858 854 856 201.00 193.02 8Q08 4.0 
14 858 854 8rl8 200.17 192.18 s.o1 4.0 
14 860 860: 880 200.21 192.00 8.21 4.1 
14 860 860 880 200.12 191.90 a.u 4.1 
14 880 860 860 200.39 192.20 8.10 4.1 
18 ... 880 864 200.12 192.20 8.32 4.2 , . 
• 
· ···· . .. '" 200.88 192.42 8•42 4.2 
•• : ~ ·· ,, / : .~; . ~~:. .... .,o.""l 182.31 ..., .... 
~ ~· ]· ~ ... 
Temperature. \Yt. Before Wt. After 
Time. Top. Bottom. Aver. Cupellation. Cupellation. Ag.Loss. % Loss. 
13 868 860 864 200.00 191.60 8.40 4.2 
13 872 868 870 200.38' 191.80 8.58 4.3 
14 872 868 870 200.82 191.18 8.64 4.3 
13 877 877 877 200.06 191.18 8.88 4.4 
13 877 877 877 200.38 191.50 8,88 4.4 
13 877 877 877 200.61 191.68 8.93 4.4 
13 882 878 880 200.79 191.82 8,97 4.5 
13 882 8'82 880 200.84 191.74 9.10 4.5 
13 882 882 882 20fl.80 191.70 9.10 4.5 
12 890 886 888 200.17 190,76 9.41 4.7 
12 890 886 888 200.31 190.91 9.40 4.7 
13 890 886 888 200.72 191.30 9.42 4.7 
12 894 890 892 200.63 191.02 9.61 4,8 
12 894 890 892 200.72 191.10 9.62 4.8 
12 886 896 896 200.43 190.53 9.90 4.9 
11 896 898 896 200.71 190.60 9.91 4;9 
11 896 896 896 200.36 190.43 9.93 4.9 
11 900 896 898 200.08 190.07 10.01 5.0 
11 900 896 898 200.13 190.13 10.00 5.0 . 
11 900 896 898 200.37 190.34 10.03 r,,o 
10 900 896 898 200.16 190.10 10.06 5.0 
10 904 902 902 200.54 190.34 10.20 5.1 
11 902 902 902 20() .71 190.50 10.21 5.1 
10 912 900 906 200.43 190.02 10.41 5.2 
10 912 900 906 200.72 190,30 10.42 5.2 
9 908 908 908 200.38 189.98 10.40 ">.2 
9 914 910 912 200,72 189.72 11.00 5.5 
9 914 910 912 200.41 188,38 11.03 5.5 
9 920 :918 920 200.32 188,92 11.40 !1.7 
8 924 924 924 200.18 188,37 11.81 5.9 
8 924 924 924 200.43 188.63 11.80 5.9 
8 936 928 932 200.18 187.77 12.41 6.2 
8 936 928 932 200.21 187.79 12.42 6.2 
' 7 942 938 940 200,64 187.63 13.01 6.5 
8 948 948 948 200.73 186.92 13.81 6.9 
~7 948 948 948 200.17 186.35 13.82 6.9 
7 956 952 954 200,37 186.47 13.90 6.9 
7 958 ' 958 958 200.13 185.92 14.21 7.1 
7 964 956 960 200.19 185.59 14.60 7.3 
7 964 956 960 200.20 185.58 14.62 7.3 
8 966 966 966 200.71 185.19 14.82 7.4 
7 974 970 972 200.32 185.11 15.21 7,6 




Time. Top. Botto~. Aver. Wt. Before Wt. After 
Cupellation. Cupellation. Ag.Loss • f., Loss. 
. 
25 700 700 700 200.64 1!'12.24 1.40 0.7 
25 700 700 700 200.38 198.97 · 1.41 0.7 
25 714 710 712 200.61 198.99 1.62 o.s 
25 714 710 712 200.42 198.82 1.60 o.s 
24 720 712 718 200.10 198.28 1.80 0.9 
24 720 712 718 200.34 198.53 1.81 n.9 
24 f28 720 724 200.16 198.36 1.80 0.9 
25 726 726 726 201.00 198.82 2.18 1.0 
24 734 730 732 200.35 198.40 1.4~ 1.0 
24 740 732 736 200.78 198.54 2.24 1.1 
24 740 732 736 200.63 1{)8.42 2.21 1.1 
23 744 736 740 200.72 198.12 2.20 1.1 
23 744 736. 740 200.73 198.50 2.23 1.1 
23 748 744 746 200.62 198.28 2.36 1.2 
22 748 744 746 200.17 198.77 2.40 1.2 
23 756 748 752 200.62 198.00 2.62 1.3 
23 756 748 752 200.74 198.10 2.64 1.3 
23 756 748 752 200,93 198.12 2.81 1.4 
23 756 756 756 200.53 198.68 2.85 1.4 
22 756 756 756 200.38 197.52 2.86 1.4 
22 768 760 764 200.39 197.36 3.0~ 1.lll 
22 768 760 764 200.34 197.31 3.03 1.5 
22 774 762 768 200.18 196.94 3.24 1.6 
'22 774 762 768 200.66 197.40 3.26 1.6 
22 774 768 770 200.34 197.18 3.16 1.6 
22 772 768 770 200.72 197.52 ' ~.20 1.6 
21 778 770 774 200.56 197.14 3.42 1.7 
21 778 770 774 200.52 197.04 3.48 1.7 
21 778 770 774 200.46 197.00 1.46 1.7 
22 784 778 780 200.90 197.34 3.54 1.8 
21 782 778 780 200.05 196.40 3.65 1.8 
21 782 778 780 200.17 196,5B 3.62 1.8 
21 782 778 780 20() .71 197.11 3.60 1.8 
21 783 783 783 200.81 197.00 3.81 1.9 
20 792 780 786 200.10 196.30 ~.so 1.9 
20 792 780 786 200.15 196.33 3.82 1,!) 
21 790 790 790 200.88 196.85 4.03 2.0 
20 790 790 790 200.00 195.94 4.06 2.0 
21 798 790 794: 200.86 196.71 4.1~ 2.1 
21 798 790 794 200 •. 93 196.68 4.25 2.1 
20 798 790 794 200,76 196.50 4.26 2.1 
20 808 796 798 200.24 196.00 4.24 2.1 
20 808 796 798 200.66 196.26 4.30 2.1 
20 800 8()0 800 200,65 116.30 4.35 2.2 
19. 800 ·<'aOO -~ 200.86 J.96.00 4.36 2.2 ':.· ··. ·-· .. ·. 
' It ; · . -~- · ' 
Temperature. \ft. Before Wt. After 
Time. Top. Bottom. Aver. Cupellation. Cupellation. Ag.Loss. % l.JOSS • 
19 800 800 800 200.24 19">.84 4.40 2.2 
19 802 798 800 200.22 195.82 4.40 2.2 
19 802 798 800 200.50 196.04 4.44 2.2 
19 812 808 810 200.64 196.08 4.56 2.3 
18 812 808 810 200.19 19!'l.58 4.61 2,3 
19 816 812 814 200,85 19~.98 4.87 2.4 
19 816 816 816 200.90 19!'i,85 !5.0~ 2.!'i 
19 816 816 816 200.96 19!'i.95 5.01 2.5 
18 822 814 818 200,88 19!1.70 1.10 2.6 
18 828 820 824 200.62 195.14 5,38 2.7 
18 828 820 824 200.10 194.62 5,48 2.7 
17 834 826 830 200.16 194.5!5 5.61 2.8 
18 832 832 832 200,67 19'1,90 5.77 2.9 
17 832 832 832 200,31 194.51 15.81 2.9 
17 840 832 836 200.56 194.48 6,08 3.0 
17 842 838 840 200,64 194.46 6.18 3.1 
17 848 840 844 200,62 194.00 6,62 3.3 
17 848 840 844 200.18 193.!57 6.61 3.3 
16 860 840 850 200,80 194.14 6,74 3.4 
16 860 848 8515 200.18 19:l.18 7,00 3,5 
16 860 848 853 200.9t} 193,90 7,0B 3,5 
16 860 848 855 200.68 193.64 7.04 :1,5 
16 860 848 855 200,60 193.52 7.08 3,!'> 
liS 85t} 835 855 200.98 193.90 7.08 3,5 
15 855 855 855 200,53 193.44 7.09 3.5 
15 862 854 858 200.57 193,33 7.24 3,6 
15 868 854 .858 200.17 192.88 7.26 3,6 
13 868 860 ' 864 200,96 193.42 7.54 3.8 
14 870 868 868 200.54 192.78 7.76 3,9 
14 870 866 868 200,54 192,58 7.7 6 3.9 
15 870 870 870 200,78 192.80 7.98 4,0 
14 870 870 870 200.42 192.30 8.12 4.0 
14 870 870 870 200.70 192.58 8.12 4.0 
14 878 866 872 200.88 192.71 8,17 4.1 
13 878 866 872 200,56 192.35 8.21 4.1 
13 878 866 872 200.5l5 192.30 8,25 4.1 
13 875 875 875 200,58 192.34 8~14 4.1 
13 882 872 878 200.81 191.44 8.37 4.2 
12 . 884 878 880 200.92 192.34 8.158 4.3 
12 888 880 884 200,58 191.84 8.74 4.4 
12 888 880 884 200.74 191.91 8,83 4.4 
12 888 880 884 200.28 191.44 8.84 4.4 
12 890 882 886 200,52 191.64 8e89 4.4 
11 898 894 896 200,32 190.60 9.72 4.8 
11 898 
=' 
896 200.18 190.40 9.78 
"·' 12 898 898 200.87 191.08 9.81 4.9 
, .1St 901 .. $98 100.33 190.40 9.93 4.9 
: ..... 
Temperature. Wt. Before Wt. Af'ter 
Time. Top. Bottom. Aver. Cupellation. Cupellpt;l~n>::.!,g. Loss. fc T.JOSS. 
11 900 900 900 200.21 .·190.2D.·.··=:.: _:iil:J&i~. - 5.0 
11 900 900 900 2()0.18 ~.~i9.0.iif:"f=:·:·.;tO.OO .. n.O 
10 908 900 904 200.77 "i$)1).· .. 32. ·.:.:::"l~ ~'3,. . !!) • 2 
11 908 900 904 200.86 1 gfl:~A6. • ·1 "";.o{{t 5 • 2 
10 912 908 910 200.08 189. :iez :··:=~ q_._7.Q ..... _- ~ .4 
10 912 908 910 200.91 190.10 . · .. ·:·1tr..-a:t·-.: :. : !'$ .4 
10 916 908 912 200.43 189.23 . 1i:!iri -::.- -r..6 
10 916 908 812 200.18 188.97 11.21 ~.6 
10 920 920 920 200.71 188.51 1~.20 6.1 
9 925 925 925 200.62 188.02 12.60 6.3 
9 934 926 930 200.41 187.40 1,.01 6.!1 
9 934 926 930 200.63 187.n9 13.04 6.5 
9 934 926 930 200.72 187.70 1~.02 6.5 
9 936 936 936 200.15 186.34 1~.81 6.8 
8 948 936 942 200.31 180.11 14.20 7.1 
8 948 936 942 200.86 186.64 14.22 7.1 
8 848 936 942 200.71 186.54 14.21 7.1 
8 947 947 947 200.46 185.85 14.81 7.4 
8 947 947 947 200.81 185.98 14.83 7.4 
8 952 948 930 200.10 194.69 1!).41 7.7 
8 952 948 950 200.24 184.84 15.40 7.7 
8 958 950 954 200.16 184.56 15.60 7.8 
8 960 950 958 200.46 184.45 16.01 R.O 
8 960 956 958 200.35 184.31 16.04 s.o 
7 1/2 964 960 962 200.18 183.n7 16.61 8'.3 
7 1/2 964 960 962 200.22 183.62 141.60 8.3 
7 964 960 962 200.21 183.57 16.64 8.3 
7 964 964 964 200.41 183.19 17.22 8.6 
7 964 964 964 200.37 183.16 17.21 8.6 
7 972 964 968 200.17 182.55 17.62 8.8 
7 1/2 972 964 968 200.64 183.03 17.61 8.8 
7 1/2 975 975 975 200.82 181.21 19.61 9.3 
7 975 975 975 200.44 180.81 19.63 9.3 
7 984 978 980 200.63 180.83 19.80 9.9 
7 1/2 984 978 980 200.20 180.39 19.81 9.9 
7 980 980 980 200.98 180.94 20.04: 10.0 
6 1/2 980 980 980 200.17 180.12 20.05 10.0 
.... 
